For the determination of cyanide (CN-), absorptiometry using color production with the Konig reaction is widely used, and has been adopted in several standard methods.l-5 A serious problem of the currently used absorptiometry is interferences from coexistent substances, such as thiocyanate, hexacyanoferrate(II) and -(III), sulfide, nitrite, carbonate and aldehydes. Furthermore, the current absorptiometry cannot give any information about the speciation of the cyanogen compound. We have developed a simultaneous determination method of CN-and cyanogen chloride (CNCI) by ion-exclusion chromatography (IEC) with a postcolumn derivatization method6, which was adopted as a testing method of cyanogen compounds in Standard methods for the examination of water. ' On the other hand, aldehydes might cause another interference, because aldehydes produce cyanohydrin by reacting with CN-. Since cyanohydrin cannot produce the dye compound by the Konig reaction, CN-in samples containing aldehydes cannot be determined by either the absorptiometry or postcolumn-IEC method. Nakamura et al. 8 have reported that CN-was determined without the interference of aldehydes by using the reduction of aldehyde with sodium tetrahydroborate at alkaline pH.
In this study, the alkaline-reduction pretreatment method was applied to the postcolumn-IEC method in order to avoid the interference of aldehydes.
Experimental

Reagents
All of the reagents used in this experiment were purchased from Wako Pure Chemical Industries Ltd. (Osaka, Japan). Cyanide-determination grade 4-pyridinecarboxylic acid (PCA) sodium salt tetrahydrate and l-phenyl-3-methyl-5-pyrazolone (pyrazolone) were used as reagents of the Konig reaction. 1V Chloro p-toluenesulfonamide sodium salt (Chloramine T) was used as the chlorination reagent of CN-. A CN-standard solution and a CNCI standard solution were prepared according to a previous paper.6 Because CNCI is rapidly decomposed to cyanate in an alkaline solution, the analytical solution was adjusted to pH 5.4 by a 0.05 mol 1-1 phosphate buffer.
Ion chromatography
The ion chromatograph used in this experiment was Model IC7000S from Yokogawa Analytical Systems Inc. (Tokyo, Japan). For the postcolumn reactor, Model CN7000 (Yokogawa Analytical Systems Inc.), equipped with a reagent pump and a chemical reactor, was used. The postcolumn system and the reaction conditions were set according to a previous paper.6 For separating cyanogen compounds by IEC, the SCS5-252 and PCS5-052 columns (Yokogawa Analytical Systems Inc.) were chosen. The operational conditions are described in Table 1 .
Other instrument For measuring of the residual chlorine concentration of drinking water, Model AT-2 (Isomura Inc., Tokyo, Japan) was used. The residual chlorine concentration of drinking water was measured before the analysis.
Results and Discussion
Though cyanohydrin is formed by reacting CNwith aldehyde at acidic and neutral pH, cyanohydrin is decomposed to CN-and aldehyde at alkaline pH. Aldehydes can be reduced to their corresponding alcohol with sodium tetrahydroborate at alkaline pH. Thus, it will be possible to determine CN-in sample solutions containing aldehyde by using the postcolumn-IEC method with an alkaline-reduction pretreatment. However, CNCI cannot be determined by this method, because CNCI is rapidly decomposed to cyanate in alkaline solutions.
The determination of CN-and CNCI in sample solutions containing aldehyde was carried out by a two-step method as follows. At first, the sample solution was directly analyzed in order to determine CNCI by the postcolumn-IEC method before the alkaline-reduction pretreatment. Subsequently, the rest of sample solution was adjusted to pH 12 by 1 mol l-1 of sodium hydroxide, then, sodium tetrahydroborate was added to the solution to obtain a concentration of 0.025 mol 1-'. After 30 min at room temperature, the treated sample solution was analyzed to determine CN-.
Drinking water spiked with 0.4 mg 1-1 of CN-and 1 mg 1-1 of formaldehyde was used as the test sample solution, and was analyzed by the proposed method. Chromatograms are shown in Fig. 1 . The determined concentrations of CN-and CNCI were 0.139 mg 1-1 and 0.255 mg 1-1, respectively. The recovery of CN-was 98.5%.
The recoveries of CN-were examined at a fixed concentration of 1 mg 1-1 of aldehyde. The concentration of CN-spiked was varied from 0.01 mg 1-1 to 1 mg l-1. The recoveries of CN-are described in Table 2 . The two-step method with an alkaline-reduction pretreatment showed good recovery on spiked CN-.
Next, the effect of the concentration of aldehyde on the recovery of the CN-was examined at a fixed concentration of 0.4 mg 1-1 CN-. The results are described in Table 3 . The area of CNCI (about 1650 mAU s) when using spiked formaldehyde was larger than that (about 1450 mAU s) when using spiked acetaldehyde, because the concentrations of residue chlorine in water were 0.58 mg 1-1 and 0.51 mg 1-1, respectively. The average of the recoveries of CN-when using spiked formaldehyde and acetaldehyde were 100.4% and 103.7%, respectively. The recovery when using spiked acetaldehyde was slightly higher than that when using spiked formaldehyde, because a small change in the baseline was observed in the vicinity of the retention time of CN-. More than a 98% recovery of the CN-was conclusively obtained by using an alkaline-reduction pretreatment method, even though a large amount of aldehyde was present in the sample solution.
The repeatability of the recoveries of CN-in the postcolumn-IEC method with an alkaline-reduction pretreatment method was evaluated. Drinking water spiked with 0.01 mg 1-1 CN-and 1 mg 1-1 of aldehyde was used as the test sample solution and was analyzed. The relative standard deviation (RSD) for the recovery of the CN-was 3.1% (n=10).
According to these results, interference from a large amount of aldehydes was completely avoided by the alkaline-reduction pretreatment method. The combination method with the alkaline-reduction pretreatment method and the postcolumn-IEC method is very useful for the determination and the speciation of the cyanogen compounds in water samples, such as drinking water, environmental water and waste water.
